1. Introduction {#sec0001}
===============

Brucellosis is a widely prevalent disease that causes considerable economic losses and important human disease in many countries ([@bib0031]; [@bib0040]; [@bib0042]). This disease is the major breeding improvement problem in those countries by causing the reproductive inefficiency and abortion in breeding cattle ([@bib0010]; [@bib0021]; [@bib0026]; [@bib0051]). *Brucella abortus* and *B. melitensis* are the foremost vital reason for brucellosis in bovine. Occasionally, bovine brucellosis has been related to *Brucella suis* ([@bib0061]). It is extremely characterized by inflicting abortion in late pregnancy, retained fetal membrane, and infertility in bovine ([@bib0056]). The common route of *Brucella* transmission is through direct contact with an aborting animal and aborted fetus or by indirect contact with contaminated fomites ([@bib0001]). The epidemiology of brucellosis in cattle and cost-effective prevention methods is not well understood ([@bib73]). Thus, brucellosis remains challenging widespread in cattle population and enormous economic and public health problems in developing countries ([@bib0001]; [@bib74]). The epidemiology of bovine brucellosis is complex and influenced by several factors ([@bib0005]). These can be classified into factors associated with the transmission of the disease between herds, and factors influencing the maintenance and spread of infection within herds ([@bib0044]).

Ethiopia has a huge cattle population in Africa. Despite having a large cattle population, the country is unable to optimally use this potential resource as a result of different constraints affecting cattle production ([@bib0014]). Animal disease, poor genetic, management problems, nutrition deficiency, and lack of appropriate animal health service were the major constraints to cattle production in the country ([@bib0033]; [@bib0070]). Among the infection of animal disease, brucellosis is among the serious problem in cattle and humans ([@bib0029]; [@bib0039]). Brucellosis is causes heavy economic losses and public health concerns ([@bib0007]; [@bib0024]; [@bib0053]). The studies indicated that high seroprevalence of brucellosis in a place where people live very closely with livestock ([@bib0011]). The evidence of *Brucella* infections in Ethiopian cattle has been serologically evaluated in different parts of the country by different authors ([@bib0002]; [@bib0010]; [@bib0029]; [@bib0068]). Seroprevalence of brucellosis is higher in the intensive farming systems than extensive cattle rearing systems ([@bib0015]; [@bib0016]).

Recent reports from different parts of the country by different authors ([@bib0007]; [@bib0055]; [@bib0069]) also indicated that brucellosis still widespread disease in the country, resulting in huge economic losses due to abortion and other reproduction problems. However, little information is available on risk factors that precipitated the occurrence and transmission of brucellosis in breeding female cattle under the traditional production system. Particularly information related to breeding female cattle brucellosis in the study area is unknown. For this reason, this study aimed to investigate the prevalence and associated risk factors of brucellosis in breeding female cattle under the traditional production system of Jimma zone, Ethiopia.

2. Materials and methods {#sec0002}
========================

2.1. Ethics consideration and clearance {#sec0003}
---------------------------------------

All procedures were conducted according to the experiment practice and standards approved by the animals\' welfare and research ethics committee at Jimma University School of Veterinary Medicine, College of Agriculture, and Veterinary Medicine that is following the international guidelines for animal welfare with AgVmVM/16/1 reference number.

2.2. Description of study areas {#sec0004}
-------------------------------

The study was conducted in selected districts of Jimma zone. Limu Seka district is situated 109 km from Jimma town. The district has 19 peasant associations and 77 villages. The district is located at an altitude of 1400--2200 m above sea level, 09°29′ North latitude and 37°26′ East longitudes. The agroecology is characterized by 13% highland and 55% mid-highland and 32% lowland. The average temperature varies from a minimum 15.1 °C to a maximum 31 °C. There are two distinct seasons in Limu Seka: the rainy season (from late March to October), and the dry season (November to early March). The rainfall is often more than 1800 mm per annum. Limu Seka district has 295,627 cattle, 104,892 sheep, 89,079 goats and 134,370 human populations. Limu seka district has 324 herds. Local cattle breed are the most dominant one followed by some crosses of Holstein-Friesian. The management systems of the study area are extensive (crop-livestock production) systems and semi-intensive (urban production) systems. Chora Boter district is located 112 km from Jimma town. The district is diving in 16 peasant associations with 65 villages. The district is located at 9°−10°24′ North latitude and 37°56′−40° 35′ East longitude with an altitude range of 1100--2200 m above sea level. The agroecology is characterized by 25% highland, 73.5% mid-highland, and 2.3% lowland. The annual average temperature ranges from 18.3 °C to 26.7 °C. Similar to Limu seka district, the district has two seasons. The rainfall is often more than 1800--2200 mm per annual. Chora Boter district has 228,846 cattle, 47,854 sheep, 68,037 goats and 215,348 human populations. About 228 herds of cattle in Chora Boter district. The herd is called *Ulle* in local language which characterized by the clustering of cattle share common grazing areas and watering points. *Abba Ulle* is an important contact person in the village that facilitates cooperation among livestock owners. There are two management systems in the area are extensive (crop-livestock production) system and semi-intensive (urban production). Local cattle are dominated breed in the area and some crossbreed also in some place ([Fig. 1](#fig0001){ref-type="fig"}).Fig. 1Map of study areas.Fig. 1:

2.3. Study population {#sec0005}
---------------------

All breeding female cattle in the Jimma zone were the target population. Source of the population was breeding female cattle in selected districts whereas the study population was the female cattle two years age and above in peasant associations that kept under the traditional production system. Study units were unvaccinated female cattle two years age and above were included in the sample.

2.4. Study design {#sec0006}
-----------------

The cross-sectional study design was carried out to study the prevalence and associated risk factors of brucellosis in breeding female cattle from November 2017 to November 2018 in Jimma zone. For this study breeding female cattle defined as female cattle with two years and above that used for the breeding purpose, since age at first calving cattle in tropical conditions were estimated to be 24--36 months ([@bib0029]; [@bib0071]).

2.5. Sampling methods {#sec0007}
---------------------

The multistage sampling strategy was carried out with zone as highest and herd as the lowest sampling stage, district, and village in between the two-stage. Jimma zone was selected purposively based on the dominant livestock production system while district, peasant association (PA), village, and herd were selected randomly. From ten districts of Jimma zone, two districts were selected by a lottery system, namely, Limu Seka and Chora Boter. Similarly, six and four peasant associations were selected from Limu Seka and Chora Boter districts, respectively based on cattle population. A total of twenty-seven villages were selected from those peasant associations by a simple random sampling method based on the number of the village in peasant associations. A total of 138 herds were selected randomly from those villages. The sampling unit was an individual animal two years age and above belonging to herds in the village. In each herd individual animal was chosen at random using the lottery method. The number of animals sampled from each herd could vary according to the number of cattle (while about 50% of the animals in large herds were to be sampled). The sampling frame of breeding female cattle was taken from respective peasant associations ([Table 1](#tbl0001){ref-type="table"}).Table 1Number of peasant associations, villages, herds, and animals sampled from each selected districts of Jimma zone.Table 1Lemu Seka districtChora Boter districtPeasant associationsNo of villagesNo of herdsNo of animalsPeasant associationsNo of villagesNo of herdsNo of animalsAtinago31648Mecha Dire21030Dame31960Chora Bage31339Denebe2930Soyoma31751Cheka2824Kobi31754Doora31545Bontu31442Total16812491157174

2.6. Sample size determination {#sec0008}
------------------------------

Since no previous study was done on breeding female cattle brucellosis in study areas. The sample size required for this study was determined using the formula described by [@bib0065] based on the expected prevalence of brucellosis 50% and the desired absolute precision 5% with 95% confidence interval (CI). Hence, the number of breeding female cattle needed for this study was 384. The calculated sample size is for the desired precision or 95% CI as width assuming that there is no problem with non-response or missing value. Hence, it is wise to oversample by 10% to 20% of the computed number required ([@bib0049]). In this calculated the sample size was oversampled by 10% which is about 39 samples. Therefore, a total of 423 breeding female cattle with on history of vaccination against brucellosis were involved in the study.

2.7. Blood sample collection and serological tests {#sec0009}
--------------------------------------------------

### 2.7.1. Blood sample collection {#sec0010}

About 10 ml of blood samples were collected from the jugular vein of each cattle by using a sterile needle and plain vacutainer tube. Identification of each cattle was labeled on corresponding vacutianer tube and blood samples were allowed to stand overnight at room temperature to obtain the serum. The animals\' codes were transferred to the cryovials to which the serum was decanted and serum samples were kept −20 °C ([@bib0053]) in Jimma University microbiology laboratory until they transported to National Veterinary Institute, Debrezeite using icebox for serological analysis.

### 2.7.2. Serological tests {#sec0011}

The serum samples were screened for the presence of *Brucella* agglutinins by using Rose Bengal Plate Test (RBPT) (Veterinary Laboratories Agency, New Haw, Addlestone, Surrey, KT153, UK) following the recommended [@bib0052] techniques. The serum samples and antigens were taken from the refrigerator, and then it stays on room temperature for half an hour and processed following the recommended procedure. A total of 30 microliters of serum was dispensed onto the plate and 30 microliters of RBPT antigen were dropped on the slide with sera. The interpretation of both positive and negative control results was done according to the degree of agglutination and the reaction was read in good light source or a magnifying glass when micro agglutination was suspected. The RBPT results were interpreted 0, +, ++ and +++ as has been described by [@bib0019] where 0 indicates no agglutination, + indicates barely visible agglutination (using magnifying glasses),++ indicates fine agglutination and+++ indicates coarse clumping. Those serums identified with no agglutination (0) were regarded as negative, while those with +, ++ and +++ were considered as positive.

All positive sera (RBPT) were confirmed using complement fixation test (CFT) by *B. abortus* antigen S99 and control sera (positive and negative) (Veterinary Laboratories Agency, New Haw, Addlestone, Surrey, KT153, UK). The antigen dilution was standardized at 1:10. Two-fold dilutions (1:5, 1:10, 1:20, and 1:40) of test sera were ready in standard 96-well U-bottom microliters plates before adding *Brucella* antigen, guinea pigs complement and 3% sensitized sheep red blood cells. The reagent was prepared and evaluated by titration according to protocols recommended by [@bib0053]. The plates were incubated at 37 °C for 30 min with agitations and results were read after the plates have been centrifuged at 2500 rpm for 5 min at 4 °C. Sera with a strong reaction, more than 75% fixation of complement (3+) at 1:5 dilution or at least with 50% complement fixation (2+) at 1:10 dilution and above were considered as positive and lack of fixation/ complete hemolysis was considered as negative ([@bib0052]). A cattle was considered positive if test seropositive on both RBPT and CFT in serial interpretation. The combination of RBPT and CFT in serial most widely used is commonly recommended to maximize the specificity of the test result by ruling out false-positive serological cross-reactions ([@bib0019]).

2.8. Data collection and analysis {#sec0012}
---------------------------------

Data believed to be putative risk factors for breeding female cattle brucellosis were recorded in MS excel spreadsheet 2010 program. Individual data such as agro-ecology, age, body condition, breed, parity, pregnancy status, history of abortion, retained fetal membrane, abortion period, herd size, the introduction of new animals, management system, and species composition (mixed of cattle with sheep and/ goats) were recorded. Age of breeding cattle was categorized as \<3, 3--6, and \>6 years age groups and herd size group into small (\<15 head of cattle), medium (15--30 head of cattle), and large (\>30 head of cattle). Parity number breeding cattle were categorized as nulliparous, monoparous, and pluriparous.

All collected data were analyzed with SPSS version 20.0 (IBM SPSS 2011). The individual positive out-come was defined as any animal with RBPT+ and CFT+, while herd positive was any herd having at least one seropositive animal. Herd level seroprevalence was computed by dividing the number of RBPT and CFT positive herd with at least one infected animal to a total number of herd sampled. Apparent seroprevalence of brucellosis was calculated by dividing the number of RBPT and CFT seropositive samples to the total of animals tested. To estimate true prevalence in cattle the sensitivity and specificity estimate at each of RBPT (Se=0.981 and Sp=0.998) and CFT (Se=0.96 and Sp=0.998) in cattle predicted by [@bib0022] were imputed in the Rogan and Gladen formula ([@bib0012]): TP= (AP+CSp~s~-1)/(CSe~s~+CSp~s~-1) where TP=true prevalence; AP= apparent prevalence; CSe~s~= combined sensitivity of the test series (SeRBPT × SeCFT), and CSp~s~= combined specificity of the test series (1-(1-spRBPT) × (1-spCFT)). Animal level seroprevalence was calculated following adjustment for sample weighing. The Association between seroprevalence and risk factors of brucellosis was analyzed using the logistic regression model. A multivariable logistic regression model was established to identify risk factors associated with brucellosis with adjustment for clustering by the village and the strength of their associated was assessed using adjusted odds ratios (OR). In SPSS analysis the odds ratio is equal to the exponential function of the regression coefficient (Exp(B)=OR). Variable with a p-value less than or equal to 0.25 in univariable analysis were involved in the multivariable logistic model. The forward selection procedure was used for a further selection of variables. The variables were tested for interaction effect using cross-product terms and for multiple-collinearity using the collinearity matrix index before building the final model. The model validity and predictive ability were assessed using the Hosmer-Lemeshow test and ROC curve. Confidence level (CL) is at 95% and *P* ≤ 0.05 were set for significance for all analysis.

3. Results {#sec0013}
==========

From a total of sampled breeding female cattle, 4.5% and 4.0% were positive for *Brucella* antibody by using RBPT and CFT, respectively. The prevalence of the *Brucella* antibody in each area was determined to be 4.8% in Limu Seka and 2.9% in Chora Boter districts of Jimma zone. An overall herd-level seroprevalence of 11.6% (95% CI: 6.25--16.94) was recorded assuming that antibody was detected at least from one herd based on CFT. The overall 4.3% (95% CI: 2.15--5.89) the true seroprevalence of the *Brucella* antibody was observed at the individual animal level ([Table 2](#tbl0002){ref-type="table"}).Table 2Distribution of seroprevalence of brucellosis in breeding female cattle at individual and herd level across the study areas.Table 2Study areasIndividual animal levelHerd levelNumber of animalsSeroprevalence (%) (95% CI)Number of herdsSeroprevalence (%) (95% CI)Limu Seka2494.8 (2.16--7.48)8113.6 (6.12--21.04)Chora Boter1742.9 (0.39--5.36)578.8 (1.43--16.12)Overall4234.3 (2.15--5.89)13811.6 (6.25--16.94)[^1]

3.1. Herd level risk factors analysis {#sec0014}
-------------------------------------

Species composition was significantly affected (*P*\<0.05) herd-level seroprevalence of brucellosis using both univariable and multivariable logistic regression. Mixed herd (sheep and/ goats) was about four times (OR=3.7) more likely to have brucellosis than those having less or no contact. However, origin, agro-ecology, herd size, management system, and introducing of a new animal were not significantly associated (*P*\>0.05) with seroprevalence of brucellosis at herd level ([Table 3](#tbl0003){ref-type="table"}).Table 3Univariable and multivariable logistic regression analysis of potential risk factors of brucellosis at herd level in breeding female cattle in study areas.Table 3VariablesCategoryTotal herds examinedTotal herds positive (%)UnivariableMultivariableOR (CI 95%)p-valueOR (CI 95%)p-valueOriginLimu Seka8111(13.6)Chora Boter575(8.8)1.6(0.54--4.99)0.388Agro-ecologyMid-altitude11515(13.04)----Lowland231(4.35)3.3(0.41--26.31)0.260Species compositionSingle287(25.00)--------Mixed1109(8.18)3.7(1.25--11.17)0.0183.7(1.25--11.17)0.018Herd sizeSmall579(15.79)----Medium355(14.29)1.1(0.34--3.68)0.845Large462(4.35)4.1(0.85--20.47)0.080Management systemSemi-intensive9613(13.54)----Extensive423(7.14)2.0(0.55--7.56)0.288Introduction of new animalYes668(12.12)----No728(11.11)1.1(0.39--3.13)0.853[^2]

3.2. Individual animal level risk factors analysis {#sec0015}
--------------------------------------------------

This result showed that age was significantly associated (*P*\<0.05) with the serostatus of the *Brucella* antibody. The odds of *Brucella* seroprevalence in older animals was 5.9 times higher (OR=5.9) than their young counterparts. Moreover, there was a statistically significant difference (*P*\<0.05) observed between the two breeds. Local cattle breed had four times odds (OR=4.0) of brucellosis as compared to crossbreed. There was statistically significant variation (*P*\<0.05) among pregnancy status of breeding female cattle, pregnant cattle had higher odds (OR=3.0) of seropositivity to *Brucella* infection as compared to non-pregnant ones. Furthermore, there was a statistically significant variation (*P*\<0.05) in the seroprevalence of brucellosis between cows from different herd sizes. Cows from the large herd size category were eight times (OR= 8.3) more odds to be *Brucella* seropositive compared to those from small herd size groups. Similarly, a statistically significant difference in serostatus of brucellosis (*P*\<0.05) was observed in animals herded with sheep and/ goats; those having close contact with small ruminants had 4.4 times odds of seropositivity to *Brucella* infection as compared to those having less or no contact. However, body condition, parity, abortion history, abortion period, agro-ecology, management system, and retained fetal membrane were not able to explain seroprevalence of brucellosis (*P*\>0.05) ([Table 4](#tbl0004){ref-type="table"}).Table 4Univariable logistic regression analysis of potential risk factors of brucellosis in breeding female cattle in the study areas.Table 4VariableCategoryTotal animals examinedTotal animals positive (%)Crude OR (CI 95%)P-valueOriginLemu Seka24912 (4.8%)----Chora Boter1745 (2.9)1.7 (0.59--4.95)0.321Age0.033\<3 years294 (13.8)----3--6 years2048 (3.9)3.9 (1.10--13.96)0.035\>6 years1905 (2.6)5.9 (1.49--23.52)0.012BreedCross11610 (8.6)----Local3077 (2.3)4.0 (1.50--10.89)0.006BCS0.269Good544(7.4)----Medium26411(4.2)1.8 (0.56--6.01)0.313Poor1052(1.9)4.1 (0.73--23.23)0.109Parity0.216Nulliparous18411(6.0)----Monoparous1123(2.7)2.3 (0.63--8.47)0.206Pluriparous1273(2.4)2.6 (0.72--9.62)0.144Pregnancy statusNon-pregnant16511(6.7)----Pregnant2586 (2.3)3.0 (1.09--8.28)0.034Abortion historyNo2828(2.8)----Yes1419(6.4)0.4 (0.16--1.14)0.088Abortion period0.070No history2828(2.8)----Before 5th month441(2.3)1.3 (0.15--10.29)0.832After 5th month978(8.2)0.3 (0.12--0.89)0.029Retained placentaNo2949(3.1)----Yes1298(6.2)0.5 (0.18--1.27)0.138Agro-ecologyMid-altitude35116(4.6)----Lowland711(1.4)3.4 (0.44--25.99)0.240Management systemSem-intensive22210(5.0)----Extensive2017 (3.2)1.6 (0.60--4.31)0.345Introduction of new animalNo1348(6.0)----Yes2899(3.1)2.0 (0.75--5.24)0.171Herd size0.076Small18012(6.7)----Medium1264(3.2)2.2 (0.69--6.92)0.187Large1171(0.9)8.3 (1.06--64.60)0.044Species compositionOnly cattle405(12.5)----Mixed with sheep and/ goat38312(3.1)4.4 (1.47--13.26)0.008[^3]

No significant interactions and multicollinearity between variables were detected. A Hosmer-Lemeshow goodness-of-fit value (*P* = 0.94), indicated that the model was fit the data. ROC curve (0.81) indicated that the model had a good predictive ability. The final multivariable logistic regression model showed that older breeding female cattle were more likely (OR=9.6, *P*\<0.05) to be infected with brucellosis than younger cattle. Local breed breeding female cattle also more likely (OR=4.5, *P*\<0.05) to be *Brucella* seropositive compared to crossbreed cattle. Similarly, breeding female cattle contact with small ruminant was more likely (OR=4.4, *P*\<0.05) to harbor *Brucella* organism and large herd size were also more likely (OR=10.4, *P*\<0.05) to be exposed to *Brucella* infection than small herd size in the areas ([Table 5](#tbl0005){ref-type="table"}).Table 5Multivariable logistic regression analysis of factors associated with *Brucella* seropositivity in study areas.Table 5VariableCategoryTotal animals examinedTotal animals positive (%)Adjusted OR (95% CI)P-valueAge0.015\<3 years294 (13.4)----3--6 years2048 (3.9)4.3 (1.04--17.97)0.045\>6 years1905 (2.6)9.6 (2.08--44.07)0.004BreedCross11610 (8.6)----Local3077 (2.3)4.5 (1.54--12.99)0.006Herd size0.037Small18012(6.7)----Medium1264(3.2)3.0 (0.87--10.22)0.083Large1171(0.9)10.4 (1.27- 85.04)0.029Species compositionOnly cattle405(12.5)----Mixed with sheep and/ goat38312(3.1)4.4 (1.31--14.89)0.017[^4]

4. Discussion {#sec0016}
=============

The overall of 4.3% true seroprevalence *Brucella* antibody was recorded at individual animal level in the present study. Similar level of prevalence was reported by [@bib0066] and [@bib0009], who reported seroprevalence of 4.3% in Adami Tulu and 4.8% in southern Ethiopian breeding female cattle. Similarly, [@bib0028] reported 4.6% from different parts of country; [@bib0030] reported 3.1% in Jimma zone and [@bib0003] reported 4.9% in Gondar. A comparable prevalence finding was also reported in other African countries: 4.2% in Eritrea by [@bib0054] and 3.3% in Central Africa by [@bib0050]. However, prevalence report in this study is lower than some previous studies carried out in the country: 11.2% in East Shewa ([@bib0017]); 6.1% in western Tigray ([@bib0045]); 14.1% in Assela ([@bib0016]); 10.6% in Borana ([@bib0044]). Similarly, higher seroprevalence was also reported in other African countries, For instance 6.6% in Ghana ([@bib0036]), 41% in Togo ([@bib0020]), 6.6% in Chad ([@bib0058]) and 46.8% in Uganda ([@bib0037]). On the other hand, the seroprevalence reported in the current study was higher than the values 2.9% reported in central Oromia ([@bib0064]); 1.7% in Sidama zone ([@bib0010]); 1.5% in Addis Ababa dairy farms ([@bib0063]) and 2.6% in Arsi zone ([@bib0069]). The variation in seroprevalence in different study areas and countries may be related to differences in environmental factors, management system and animals breed used in each study.

The overall herd level seroprevalence (11.6%) in present study is similar with the finding of [@bib0069] 9.5% in Aris zone and [@bib0010] 13.7% in Sidama zone. however, this result is lower than the reports of [@bib0044] 26.1% in southern and eastern Ethiopia and [@bib0045] 24.1% in western Tigray, Ethiopia. Similarly, higher herd level seroprevalence have been recorded by other authors; 62% from Zambia ([@bib0057]), 55.6% from Uganda ([@bib0025]) and 43.3% from Ethiopia (Berhe et al., 2007). This difference may be related to overall animal level prevalence status of the disease and numbers of animals pre studied herds (herd size). The species composition was the only factor effect on herd level seroprevalence and herd kept with sheep and/ goats had higher odd of seropositivity *Brucella* infection. This may be due to cross-species transmission brucellosis. Herding of sheep and/goat along with cattle has been reported risk factors for seropositivity of *Brucella* infection ([@bib0005]; [@bib0032]; [@bib0044]).

In this study an increase in age associated with increased risk of being seropositive; older animals (\>6 years) were almost ten times (OR=9.6) more likely to acquire the infection compared to their younger counterparts. Similarly, several studies in Ethiopia ([@bib0008]; [@bib0011]; [@bib0034]; [@bib0044]; [@bib0048]; [@bib0068]) and also elsewhere ([@bib0004]; [@bib0038]; [@bib0042]) reported age as one of the important risk factors influencing *Brucella* serostatus in cattle. This report is in line with standard veterinary literatures which supports younger animals tend to be more resistant to infection and frequently clear infections. Older animals are more susceptible to brucellosis than younger animals, which are due to sex hormones and erythritol that stimulate the growth and multiplication of bacterial is increased in concentration with age ([@bib0056]).

This study revealed that breed shown statistically significant variations in *Brucella* serostatus with local breed was almost five times (OR=4.5) more likely to be acquired *Brucella* infection than cross breed. The better management in the cross herds, intensive feeding that minimize contacts between animals and may be responsible for this difference. This finding is consistent with some previous studies in Ethiopia ([@bib0003]; [@bib0007]; [@bib0031]) and elsewhere ([@bib0035]; [@bib0038]; [@bib0042]) stated that seropositive of *Brucella* antibody was statistically significantly associated with breed in cattle. However, [@bib0034], [@bib0069] and [@bib0059], [@bib0072] reported breed was not significant associated with *Brucella* seropositivity in cattle. [@bib0040] and [@bib0006], [@bib0046] also reported no significantly association between *Brucella* seropositivity and cattle breed in Zambia, Nigeria and Malaysia, respectively. This variation could be due to difference in breeds, environmental factors and management system.

In the present study, statistically significant variation has been observed in seroprevalence of *Brucella* antibody between different herd sizes; larger herd sizes were ten times (OR=10.4) more likely to be exposed to *Brucella* infection. Herd size has previously been reported as an important determinant for transmission of *Brucella* organism between susceptible and infected animals ([@bib0054]) and because of one positive animals was at least available in large herd cattle compared with small herd size ([@bib0005]). Several authors also reported that large herd size enhances the exposure and maintenance potential following abortions through increased contact at common feeding and watering points promoting transmission of *Brucella* organisms ([@bib0010]; [@bib0029]; [@bib0042]; [@bib0062]; [@bib0068]). However, in contrary to the finding of [@bib0034], who reported that brucellosis was not associated with herd size. The observed variation of the reports among different region of Ethiopia and other countries could be attributed to various factors including agro-ecology, breed of animals and management system.

In this study, cows from households herding cattle together with goats and/ sheep were four times (OR=4.4) more likely to be *Brucella* seropositive than cattle those keeping only cattle. Herding of these animals together increases chance of cross-species transmission of *Brucella* organism. *Brucella* organism is not strictly host specific; *Brucella melitensis* has been isolated from cattle ([@bib0060]) and thus, herding together might have increased the spillover of the pathogen from small ruminants to cattle. Moreover, herding more animal species in one herd may increase density and contact among them, thus increase exposure to *Brucella* organism and increasing chance of acquiring the infection ([@bib0032]). This result is in agreement with report of [@bib0044], who reported mixing of sheep and/ goats with cattle increased risk of *Brucella* seropositivity in cattle in Borana, Ethiopia. Moreover, reports from Eritrea ([@bib0054]), Jordan ([@bib0005]) and Malaysia ([@bib0006]) also showed that mixing of sheep and/ goats with cattle was a risk for *Brucella* transmission among different animals species. This is inconsistent with the findings of [@bib0023], who reported that keeping sheep and/ goats with cattle not significantly associated with *Brucella* seropositivity in Sudan. This variation could be due to difference in environmental factors, animal breed and management system.

Potential limitation of brucellosis serology is that the tests used worldwide detected antibodies directed against epitopes associated to s-LPS, which is shared by the different *Brucella* spp. and other cross-reaction organism such as *Yersinia enterocolitica* O:9 ([@bib0013]; [@bib0047]). In epidemiological study, the use of two tests applied serially is recommended to maximize specificity ([@bib0027]; [@bib0053]). When test specificities are conditionally independent of each other, the resulting expected specificity of serial testing is said be higher than the corresponding individual specificities of each test ([@bib0018]). Application of series testing in diseased population maximizes specificity and positive predictive value, but may have the risk of missing true positive cases ([@bib0043]). Given the serial nature of testing, it is not possible to exclude that RBPT-negative animals may be positive by CFT and/ c-ELISA. This combination is expected to reduce the occurrence of misclassification and increase the chance to detected antibodies against brucellosis when present for a given sera. On the other hand, serial testing using pairs of specificity-correlated serological testing (RBPT, CFT, c-ELISA) has been agued to have lower specificity than expected when applied to disease-free population ([@bib0041]). When such a test is applied to a low disease prevalence (\<1%) or disease-free population, the positive predictive value of the test fall closer to zero and the increased proportion of non-infected animal are classified as seropositive ([@bib0018]; [@bib0041]). Test cut-offs have different diagnostic goals depending on their context, for example, a screening situation verses confirmatory diagnostic situation where a diagnostic cut-off is selected is always a trade-off between false negative and false positive, due to the overlap between normal and disease populations ([@bib0018]). In this study, the cut-off point used may increase the specificity of the test thereby ensuring that seropositive case are resulting from *Brucella* infection, but may have the short-coming of missing positive case.

5. Conclusion {#sec0017}
=============

This result showed that antibodies to *Brucella* organisms are prevalent in breeding female cattle. Although the existence of antibody does not necessarily mean cattle are infected, this result indicated presence of brucellosis in the study areas. This study also identified that age, breed, herd size and species compositions were risk factors for *Brucella* seropositivity in breeding female cattle. The presence of brucellosis in animal kept for milk production, certainly poses a threat to the public health of the communities. Thus, important to conduct appropriate control methods and increasing the public awareness on zoonotic transmission of brucellosis are suggested. Moreover, more investigation should be conducted to isolate and characterize brucellosis as causes of reproduction problems and the associated loss within the study areas.
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[^1]: CI: Confidence Interval.

[^2]: OR: Odds Ratio; CI: Confidence Interval.

[^3]: OR: Odds Ratio; CI: Confidence Interval, BCS: Body condition score.

[^4]: OR: Odds Ratio; CI: Confidence Interval.
